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 Comparison of Digital Panoramic Radiograph, Indirect Digital Imaging, Cone 
Beam Computed Tomography in Identification and Diagnosis of Periodontal 
Osseous Defects - an In Vitro Study 
Abstract  
Background  
Precise assessment of the bone condition is very much essential for the 
diagnosis, treatment planning, to determine the prognosis and also the outcome of 
periodontal therapy. Radiographs play a very important role in detection of osseous 
abnormalities in the jaw bone.  Digital imaging techniques have brought in 
challenging opportunities for dental radiographic diagnosis. There has been a 
paradigm shift from a two dimensional radiographic techniques to the three 
dimensional techniques like cone beam computed tomography in diagnostic field.  
Aims and objectives 
 To compare the  three different  radiographic techniques with manual 
measurement which is considered as gold standard to determine the accuracy of  
dimensions with respect to  
i. Length, width, depth of furcation defects. 
ii. Length of horizontal defects.  
iii. Length of infrabony defects. 
vii 
 
 Materials and methods 
           The present study is an invitro study in which ten dentate dry mandibles were 
used. A total of  sixty sites with periodontal osseous defects (20 furcation, 20 
horizontal, 20 infrabony defects) were identified and subjected to Cone beam 
computed tomography (CBCT), Orthopanthamograph (OPG), Intraoral periapical 
radiograph (IOPA) using photostimulable phosphor (PSP) plates and also manual 
measurements with digital vernier calliper which is considered the gold standard 
against which all the measurements were compared.  The furcation defects were 
measured for length, width and depth and horizontal and infrabony defects were 
measured for length. 
Results  
            Multiple comparison was done among the three groups (Group I furcation 
defects- length , width and depth, Group II- length of horizontal defects, Group III- 
length of infrabony defects) as measured by four different methods i.e. CBCT, OPG 
IOPA radiographs and manual measurements. The results of the multiple comparison 
for furcation width, length of horizontal and infrabony defects showed that there was 
a statistically insignificant difference between CBCT and manual measurements, and 
also between OPG and IOPA. But when manual measurements were compared with 
OPG and IOPA for the same, there was a statistically significant difference. CBCT 
also showed statistically significant difference with OPG and IOPA. The length of 
furcation defects as measured by OPG and IOPA radiographs was higher than that of 
CBCT and manual measurements. However the difference was  statistically 
significant. Only CBCT and manual method allowed the measurement of depth of 
viii 
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furcation. The measurements of manual method and  CBCT for furcation depth was 
found to be statistically insignificant.  
Conclusion  
        All the three radiographic techniques were useful in determining the size of the 
periodontal osseous defects. CBCT allowed the measurements in all three planes i.e. 
coronal, saggital, and axial planes which helped in better visualization of buccal and 
lingual cortical plates. The accuracy of CBCT was better than the traditional 
radiographic techniques (OPG, IOPA). This study suggests the usefulness and 
significant advantage of CBCT in the diagnosis and treatment planning of periodontal 
osseous defects.  Further invivo studies are required to confirm these findings. 
 
 
 
 
 
 
Periodontal disease is an infectious disease resulting in inflammation within 
the supporting tissues of the teeth with progressive attachment loss and bone loss.1 In 
the course of periodontal disease, changes that occur in the bone are very crucial 
because the destruction of bone ultimately results in tooth loss. The height and density 
of the alveolar bone is regulated by local and systemic influences which balance the 
bone formation and bone resorption process. The most common cause of bone 
destruction in periodontal disease is extension of inflammation from the gingiva to the 
supporting periodontal structures. Also the host factors released by inflammatory cells 
are capable of inducing bone resorption.  Two basic elements of a periodontal disease 
diagnosis are the severity of the problem and whether the condition is localized or 
generalized. Commonly used approaches to diagnose periodontal condition includes 
the clinical examination by gingival probing, probing attachment level, probing of the 
furcation entrance and periapical and panoramic radiographs to evaluate the osseous 
support. 
Since the discovery of roentgen rays by Wilhelm Conrad Rontgen in 1895, 
radiographs have been used in medicine. One year later it was used by Morton in 
diagnosis of periodontal disease. The diagnosis of periodontal disease is greatly 
facilitated by the use of radiographs. Radiographs are the most valuable adjunct to 
clinical examination because essential information is provided about the bony tissues 
covered by the gingiva that cannot be diagnosed only by clinical assessment.2 
Radiographs aid in determination of the prognosis and evaluation of the outcome of 
periodontal therapy. Dental radiographs are the traditional methods used to assess the 
destruction of alveolar bone associated with periodontitis. They provide useful 
information on interoproximal bone levels and also on periodontium that cannot be 
obtained by other noninvasive methods. The introduction of digital radiographic 
technique has created a wide range of oppurtunities for dental radiographic diagnosis. 
Digital imaging has reduced the variations in image quality resulting from the 
variables inherent to conventional radiographs. Digital radiography allows the use of 
computerized images, that can be stored, manipulated and corrected for 
underexposure and overexposures. The radiation dose is reduced from one third to 
half with digital radiographs when compared to conventional radiographs. The two 
major digital intraoral systems currently available are the first system that uses 
charged –coupled devices (CCD) and the second system that uses photostimulable 
phosphor (PSP) plates as detectors. Digora was the first digital radiographic technique 
based on PSP technology. However the transmission radiographs, be it conventional 
or digital, suffer with some limitations. They provide two dimensional image of  three 
dimensional structures, important aspects of the alveolar bone may go undetected, 
only interproximal bone levels  can be detected with some degree of certainty, 
overlapping of the anatomical structures hinders a true distinction between the buccal 
and lingual cortical plates, that complicates the evaluation of periodontal bone defects 
especially infrabony defects. Substantial amount of bone loss (atleast 30%) must have 
occurred before the loss is detectable in radiographs. Therefore, conventional 
radiographs are very specific but lack sensitivity. 
The limitations of transmission radiographs are mainly due to 2D 
representation of 3D alveolar bone, tooth structure and soft tissue.  This limitation is 
mainly affected by vertical and horizontal angulation errors during film exposure.3 
Due to the collapse of the 3D structures into 2D space there is  superimposition of 
structures that can potentially obscure areas  of interest and decrease diagnostic 
sensitivity. Hence, a radiographic diagnostic technique with a 3D presentation is 
preferred in pre- and post-treatment assessment of periodontal defects.4 These 
limitations have given rise to newer technologies that provide us with the three 
dimensional images. 3D computed tomographic images will provide the exact 
topographic picture of the dental structures which may help in better diagnosis of the 
condition and also improve the treatment planning.         
The American Academy of Oral and Maxillofacial Radiology (AAOMR) has 
established “parameters of care” providing rationales for image selection for 
diagnosis, treatment planning and follow-up of patients with conditions affecting the 
oral maxillofacial region, including temporomandibular joint (TMJ) dysfunction 
(Parameter 2), diseases of the jaws (Parameter 3) and dental implant planning 
(Parameter 4).5   
Computed tomography (CT) was developed by Sir Godfrey Hounsfield in 
1967. Since then there has been a gradual evolution in the field of CT technology. 
Computed tomography  provides 3D and cross sectional images without distortion.6 
Despite its several advantages and the optimism of the investigators, the application 
of CT imaging for periodontal diagnosis is unfavourable because of high cost and 
high patient radiation dose. In the recent years there have been several developments 
in 3D imaging.  
With the introduction of Cone beam computed tomography (CBCT) there has 
been a paradigm shift from 2D to 3D approach in diagnosis of dental conditions. 
CBCT is a advanced application of computed tomography. Also known as dental CT 
it was introduced in 1998 for dentoalveolar imaging. CBCT allows the creation in 
“real time” of images not only in the axial plane but also 2-dimensional (2D) images 
in the coronal, sagittal and even oblique or curved image planes - a process referred to 
as multiplanar reformation (MPR). In contrast to the fan beam geometry in the 
conventional CT, CBCT consists of cone beam geometry. The CBCT apparatus is 
similar in size to a conventional panoramic machine, with examination time 
approximately 30 seconds and radiation is in the range of full mouth  intraoral series. 
CBCT resolution can be as low as 0.2 mm compared to 0.5 to 1.0 mm for CT. CBCT 
offers many advantages compared to conventional radiography, including a lack of 
superimposition, 1:1 measurements, the absence of geometric distortions, and 3D 
display. CBCT utilizes a relatively low ionizing radiation compared to conventional 
CT.  Conventional CT units are large in size unlike CBCT, which makes them a  poor 
alternative for dental offices setting.7 CBCT has wide range of applications in 
dentistry such as for treatment planning of implants, for diagnosing craniofacial 
anomalies and in the field of orthodontics , endodontics, and periodontology. Three-
dimensional CBCT images  reveal  the surrounding bony support of each maxillary 
molar root, fusion and root proximity; hence , these images may be a reliable basis for 
making treatment decisions.8  According to K de Faria Vasconcelos 20129  CBCT  is 
still underused for periodontal diagnosis. There has been little research to validate the 
application of CBCT in diagnosis of periodontal bone level.10 CBCT has the potential 
to become a routine non-invasive diagnostic tool for various dental applications in 
which defect characterization, localization and volume are important.11 The 
application of this new imaging modality with a combination of existing 2D digital 
intraoral radiographs may offer new perspectives for periodontal diagnosis and 
treatment planning.   
                
Thus the present in vitro study was designed to compare the accuracy of three 
radiographic techniques (CBCT, OPG, IOPA using PSP plates) in determining the 
dimensions of various periodontal osseous defects which include the furcation, 
horizontal and infrabony defects identified on dry human mandibles and comparison 
of these techniques to the manual measurements, considered as gold standard. 
 
 
 
 
 
AIMS AND OBJECTIVES 
An in vitro study to compare the three different  radiographic techniques with manual 
measurement which is considered as gold standard to determine the accuracy of  
dimensions with respect to  
i. Length, width, depth of furcation defects. 
ii. Length of horizontal defects.  
iii. Length of infrabony defects. 
 
The most common cause of bone destruction in periodontal disease is the 
extension of inflammation from the marginal gingiva into the supporting periodontal 
tissues. The inflammatory  invasion of the bone surface and the initial bone loss that 
follows mark the transition from gingivitis to periodontitis. The response of alveolar 
bone to inflammation includes bone formation and resorption; thus bone loss in 
periodontal disease is not simply a destructive process but results from the 
predominance of resorption over bone formation.  
Radiographic imaging as an aid in diagnosis and treatment of periodontal 
disease is widely accepted.  Radiographs serves to assess the level of alveolar bone 
including its pattern and extent of bone resorption. Linear measurements from CEJ to 
base of osseous defects are used to quantify crestal bone levels and osseous defects. It 
also helps to visualize the periodontal ligament space, lamina dura, periapical region. 
The timing of a radiographic examination is dictated by its purpose which 
depends on individual patient factors. Professional judgement should be taken to 
decide on type and frequency of each radiographic examination. Decision to take 
radiographs should always be preceded by a clinical examination and review of 
existing radiographs.12                  Radiographic diagnosis of periodontal defects is the 
key to successful treatment. In the recent years there has been several developments in 
the field of oral radiology which has also influenced the improvements in periodontal 
diagnosis. Some of the conventional and advanced radiographic techniques used in 
this study are briefed below. 
 
 
Intraoral radiography 
They are simple to acquire, are relatively economical and provide sufficient 
image detail. When the entire tooth and its surrounding tissues needs to be visualized , 
periapical radiography is the technique of choice. 
Pepelassi EA 1997, Tonetti 1993 have demonstrated that intraoral 
radiographs tend to underestimate the amount of bone loss.13,14 
Hausmann E 1997 reported that positioning instruments reduce the minimally 
detectable amount of bone loss to less than 1mm and further standardization allows 
reliable bone loss measurements as little as 0.5mm.15         
White SC 2000 reported that patient dose is very low with intraoral 
radiography.16  
Extraoral Radiography 
A panoramic radiograph (also termed Panorex™, dental panoramic 
radiograph, orthopantomogram or Orthopantomograph™, and sometimes abbreviated 
as PAN, DPR, OPT or OPG), is a panoramic scanning dental X-ray of the upper and 
lower jaw. It shows a two-dimensional view of a half-circle from ear to ear. An OPG 
relies on tomography i.e. images of specific radiographic planes are taken to make up 
the larger panoramic image where the maxilla and mandible are in the focal trough 
and the structures superficial and deep to the trough, are blurred. Panoramic 
radiography is a reliable imaging modality for variety of oral and maxillofacial 
applications. 
White S 199217 suggested that image acquisition is relatively fast and simple 
without any intraoral manipulation .It shows all dento-alveolar structures in one single 
image with a dose that is considerably lower than for a full mouth intraoral series. 
Eley B, Cox S 199818 reported that for assessment of alveolar bone level 
panoramic radiography is not recommended as a primary imaging modality. 
Stuart C 200519 has stated the principal advantages and disadvantages of 
panoramic images which are as follows: 
Advantages : 
• Broad coverage of facial bones and teeth 
• Low patient radiation dose 
• Convenience of examination for the patient (films need not be placed inside 
the mouth) 
• Ability to be used in patients who cannot open the mouth or when the opening 
is restricted e.g: due to trismus 
• Short time required for making the image 
• Patient's ready understandability of panaromic films, making them a useful 
visual aid in patient education and case presentation. 
• Easy to store compared to the large set of intra oral x-rays which are typically 
used. 
 Disadvantages : 
• Produce magnified images and overlapping of structures is evident. 
• Exact tooth length size and shape of the pathologic lesion cannot be measured. 
• They lack sharpness especially in posterior region. 
• Cost of panoramic radiographs is more than periapical radiographs. 
Indirect Digital Imaging with Photostimulable Phosphor Plates 
        Indirect digital imaging is based on photostimulable phosphor plate (PSP) or 
storage phosphor plate (SPP) technology. When using  SPP, the image is captured in 
analogue format and then converted into digital format. The X-ray film used in 
indirect digital imaging  appears same as the conventional X-ray film. SPP has a 
polyester base coated with a crystalline halide emulsion that converts x-radiation into 
stored energy. The crystalline emulsion is chemically a europium-activated barium 
flouro-halide compound. This emulsion when  exposed to x-rays, the x-ray energy is 
stored temporarily. This energy is released as blue fluorescent light when the plates 
are scanned using a helium-neon laser. This emitted light is captured and intensified 
by a photomultiplier and converted into a digital format.20 With the advancement in 
the field of radiology, digital radiology has reached a point where diagnostic efficacy 
is either equal to or superior to conventional radiography. Therefore, digital 
radiography, with the advantages of lower radiation dose and instant image 
processing, can  be used routinely in clinical practice.21  
 White SC16 has described the advantages and disadvantages of PSP plates which are 
as follows: 
Advantages 
1. Storage phosphor plates can be reused indefinitely. 
2. PSP can be used with existing x-ray sources. 
3. Linear or logarithmic response to radiation is available. The linear response may 
also prove to be important in the studies in which the intent is to quantify small 
changes in oral hard tissues. 
4. There is wide exposure range and fewer retakes compared with dental film.  
5. Less radiation is required for most diagnositic tasks. For some diagnositic tasks, 
PSP requires 90% less x-ray exposure time than film. 
6. No chemical processing is required. 
7. Images can be transferred to other sites. Because the PSP images are in digital 
form, they can be transferred to consultants or third party carriers at local or 
remote sites. 
8. Images can be easily and inexpensively stored and retrieved. 
 Disadvantages 
1. It would seem that the initial cost of PSP system would be recovered in time 
because of the diminished number of retakes, elimination of chemical 
processing and reduced costs for image storage and retrieval. To date, 
however, cost –benefit studies of PSP systems in dentistry have not been 
published. 
2. The spatial resolution of film exceeds that of PSP. 
3. Although PSP image display is much more flexible than film image display, 
the display method still may not be optimal. 
4. Images may initially appear different from film-based images. Although 
manufacturers attempt, through image processing, to provide images that are 
similar in appearance to the film- based images, it may take a while for the 
clinician to become comfortable with PSP images and with image processing 
in general. 
Cone Beam Computed Tomography 
The first CBCT scanner was built for angiography among other tasks at Mayo 
in 1982.  The technique is based on a cone-shaped X-ray beam that is centered on a 
2D detector, which offers the advantages of a higher rate of acquisition; unlike 
conventional CT, a parallel shift of the detector system during rotation is not required, 
which results in a more efficient use of tube power.22 The images are reconstructed in 
a three-dimensional (3D) data set using a modification of the original cone-beam 
algorithm developed by Feldkamp et al. in 1984.23 Among the first clinical 
applications were single photon emission computerized tomography (SPECT), 
angiography and image-guided radiotherapy. Dedicated CBCT scanners for the oral 
and maxillofacial (OMF) region were pioneered in the late 1990s independently by 
Arai et al24 in Japan and MOZZO et al25  in Italy. Synonyms for CBCT are, cone-beam 
volumetric tomography and cone-beam volumetric imaging. The most frequently 
applied term is Cone Beam Computed Tomography (CBCT), because it is a digital 
analogue of film tomography in a more exact way than is the fan-beam system.26 All 
CBCT units produce 3D images, although each manufacturer uses slightly different 
parameters and viewing software. These images are in the Digital Imaging and 
Communications in Medicine (DICOM) data format, which makes it convenient for 
imaging sharing, telecommunications, and postprocessings.27 
William C et al 200828 has described the technical aspects of CBCT: 
CBCT has been in use for almost 2 decades. Recently these systems have 
become affordable.  because of technologic innovations such as : 
1. Development of compact and high-quality flat-panel detector arrays.  
2. X-ray tubes necessary for cone-beam scanning are in orders-of-magnitude that 
are less    expensive than those required for conventional CT. 
3. Computer power necessary for cone-beam image reconstruction has become 
widely                 available and inexpensive. 
4. Sub secondary gantry rotation speeds are focused only for head/neck scanning 
that reduces the complexity and cost of the gantry. 
 Advantages of Cone-Beam CT. 
¾  It provides highly contrasted structures and  useful for evaluating bone.29,30 
¾ Radiation can be limited only to the area of suspected disease presentation and 
region of interest.  
¾ The volumetric data is available in the form of voxels which appear on the 
monitor as secondary reconstructed images in three planes (axial, sagittal, and 
coronal). 
¾ Each ISOTROPIC voxel represents a specific degree of x-ray absorption. 
which determines the resolution of the image that  ranges from 0.4 mm to as 
low as 0.076 mm (Accuitomo). That gives a more detailed information of the 
dentoalveolar structures.  
¾ CBCT scan time is rapid as all  projection images are acquired  in a single 
rotation.(10-70 sec)  
¾ The effective dose varies for various full FOV CBCT devices, ranging from 
29 to 477 mSv.31,32  It is 5 to 74 times that of a single film-based panoramic X 
ray. The radiation dose for maxillofacial imaging with conventional CT is 
approximately 2000µSv . In comparison  CBCT provides a dose reduction of 
98.5%- 76.2%.33,34 
¾ Multiplanar reformation is possible by sectioning volumetric datasets 
nonorthogonally. 
¾ CBCT has three positioning beam which makes patient positioning easy.  
¾ CBCT systems  with its projection geometry and fast acquisition time,  there is  
very low  metal artifact  in primary and secondary reconstruction images.35 
CBCT in General/ Specialized Dentistry 
         CBCT has been widely accepted as a most useful diagnostic tool for detection of 
caries, enodontic application, dentoalveolar surgeries and also in the field of 
implantology.36  
CBCT in Periodontology 
R Mengel et al. 200537, H M Pinsky et al. 200638 have shown that CT 
assessment of periodontal bone height and intrabony defects is reasonably precise and 
accurate.  
Stavropoulos and Wenzel 200739 evaluated the accuracy of CBCT scanning 
with intraoral periapical radiography and  found that CBCT  has better sensitivity 
compared to intraoral radiography for the detection of periapical bone defects . 
Leung et al. 201040 CBCT measurements and measurements made directly on 
the skulls were not as accurate as direct measurements on skulls.  
CBCT in measuring periodontal bone levels. 
CBCT, with its high resolution images can provide diagnostic and quantitative   
information on periodontal bone health. 3D images are  ideal for evaluating the 
infrabony defects and also to assess the treatment outcomes. .  
R.E.Persson et al. 199841 reported that conventional radiographic images 
provided a better resolution of the bone levels than that achieved from computer 
screen images. 
L.Schroppa et al. 200342 suggested that sufficient alveolar bone volume and 
favourable architecture of the alveolar ridge are essential to obtain ideal functional 
and esthetic prosthetic reconstruction. 
CBCT in the visualization of periodontal ligament space 
T.Tammisalo  et al. 199643 Koichi Ito et al. 200144 have found CBCT  to be 
a useful diagnostic tool for visualization of periodontal ligament space.  
           R. Mengel et al. 200537  found the quality of CBCT images  to be superior 
than that of CT with particular reference to periodontal ligament space. 
            N.Ozmeric et al. 200845  suggested conventional radiographs to be better than 
CBCT in assessing the periodontal ligament space   
          P.M.Jervoe-Storm et al. 201046 reported in an in-vitro study that  CBCT was 
better than conventional radiography in visualizing the periodontal ligament space.  
Limitations of CBCT 
¾ Patient motion can cause misregistration of data, which appears as 
unsharpness in the reconstructed image.  
¾ A large number of photons undergo Compton scattering which produces 
scattered radiation. This is referred to as noise. 
¾ CBCT provides poor soft tissue contrast.47 The dynamic range of CBCT for 
contrast resolution can only reach 14-bit maximally.  
¾ Radiation dose for CBCT ( 36.9- 50.3µSv)  is  high  compared to panoramic 
(13 µSv) and intraoral radiographs (1-8µSv).48 
¾ Ludlow et al. 200849, reported that the risk of fatal cancers per million exams 
of full month series with F speed film and round collimation is 9, for 
panoramic radiograph with CCD detector is 0-1.3, and for large field CBCT is 
4-59.  
Comparison of CBCT  and  Periapical Radiographs 
Fuhrmann RAW et al. 199750 conducted an in vitro study in which they 
compared dental radiographs and high resolution computed tomography (HR-CT) for 
identification and classification of the degree of horizontal and vertical furcation 
involvement. Artificial bone defects of varying dimensions were created in 28 molars. 
All the defects were examined radiographically with standardized dental radiographs 
and 1.0 mm thick axial CT-scans. After identification of furcation defects horizontal 
and vertical grades of furcation involvement were classified. These findings were 
compared with the macroscopic and histologic findings. Dental radiographs could 
detect only 6 molars with furcation defect but with CT all 28  defects could be 
identified . Classification of  horizontal and vertical furcation  involvement was 
possible with CT sections. Thus CT proves to be a useful tool in  identification  and 
classification of molars with involved furcations. 
Kelly A. Misch et al. 200651 compared CBCT measurements of periodontal 
defects to periapical radiographs and periodontal probing. In this invitro study 
artificial osseous defects were created on mandibles of dry skulls. The mandibles 
were subjected to CBCT scanning, periapical radiography (PA), and direct 
measurements using a periodontal probe. These measurements were compared to that 
of an electronic calliper that was used as a standard reference. The results revealed no 
significant difference for CBCT or radiograph. All bony defects could be measured 
directly with CBCT. Whereas, buccal and lingual defects could not be measured with 
radiographs. It was concluded that CBCT offers a significant advantage as, all defects 
can be detected and quantified. 
Bart Vandenberghe et al. 200752 compared 2-dimensional intraoral digital 
images with 3-dimensional cone beam CT (CBCT) in assessment of periodontal bone 
levels and defects. In this invitro study two human dry skulls with thirty periodontal 
bone defects were assessed for periodontal bone defects. Physical measurements of 
the skulls were considered as the gold standards. Results revealed that intraoral 
radiography scored significantly better for contrast, bone quality, and delineation of 
lamina dura, but CBCT was superior for assessing crater defects and furcation 
involvements. Morphological description was demonstrated well by CBCT images, 
while the digital radiography provided good bone details.  
B Vandenberghe et al. 200853 conducted a study to explore the diagnostic 
values of digital intraoral radiography and cone beam CT in the determination of 
periodontal bone loss, infrabony craters and furcation involvements. CBCT on the 
panoramic 5.2 mm reconstruction view allowed comparable measurements of 
periodontal bone height and defects similar to   intraoral radiography. CBCT with 0.4 
mm thick cross-sections demonstrated values closer to the physical measurement with 
digital calliper which was considered as gold standard. It was concluded from this 
study that CBCT provides more accurate assessment of periodontal bone loss.  
Ozmeric N et al et al. 200845 compared CBCT to conventional radiography in 
the assessment of the periodontal ligament space. The ex vivo visualisation of 
periodontal ligament space  with these  two techniques gave mixed results. Hence 
CBCT can aid the conventional radiographs in determining the periodontal ligament 
space.  
          
R Christiansen et al. 200954 compared periapical radiography and cone beam 
CT for assessment of the periapical bone defect 1 week and 12 months after root-end 
resection.  The study included 58 teeth with a persisting apical periodontitis in root-
filled teeth. (incisor, canine or premolar). These teeth were treated with root-end 
resection. 1 week and 12 months post-operatively, a CBCT scan (NewTomH 3G) and 
a periapical radiograph (Digora) were obtained. The periapical bone defect were 
detected and measured on periapical radiographs and CBCT images (coronal and 
sagittal sections). The results showed that the periapical bone defect measured on 
periapical radiographs was approximately 10% smaller than on coronally sectioned 
CBCT images 1 week postoperatively. More remaining defects were detected 1 year 
after periapical surgery on CBCT images than on periapical radiographs.   
Clemens Walter et al. 20098 investigated the use of CBCT in assessing 
furcation involvement (FI) and concomitant treatment decisions in maxillary molars 
while comparing it with clinical examination and periapical radiographs. CBCT 
images were analysed and FI, root length supported by bone and anatomical features 
were evaluated in twelve patients with generalized chronic periodontitis. FI and 
treatment recommendations based on clinical examinations and periapical radiographs 
were compared with data derived from CBCT images. It was concluded that CBCT 
images of maxillary molars may provide detailed information of FI and is a reliable 
basis for treatment decision. 
Francisco Wanderley Garcia de Paula-Silva  et al.  200955  conducted a 
study on dogs in which they compared  accuracy of CBCT and periapical radiographs 
(PAR). Two imaging methods were used in diagnosing apical periodontitis (AP) with 
histopathological findings as a gold standard. Periapex of 83 treated or untreated roots 
of dogs’ teeth was examined by all three methods. Results showed that CBCT scan 
was more sensitive in detecting AP compared with PAR, which was more likely to 
miss AP when it was still present.  
M Noujeim et al. 200956 conducted a study  to assess the accuracy of limited-
volume high resolution cone beam CT  in the detection of periodontal bone loss. In 
this study 163 simulated periodontal defects of different depths were created in dried 
human hemimandibles. All the mandibles were imaged using the intraoral paralleling 
technique and limited volume CBCT. From the results it was concluded that the 
CBCT technique had better accuracy and diagnostic value than periapical films in the 
detection of interradicular periodontal bone defects. 
E Sogur et al 200957 compared  the CBCT ( Accu-I-Tomo (3DX), the intra-
oral digital( Digora Optime  storage phosphor image plate system)  and conventional 
film radiography ( F-speed film)  in detecting chemically created apical lesions. 
Perchloric acid  was applied apical to extracted teeth in jaw specimens for 1, 1.5 or 2 
hours. The teeth were replaced  and radiographed by all three methods.  The results 
concluded that CBCT images provide better  detectability than the film and storage 
phosphor plate  images.  
Masoud Varshosaz et al. 201058 studied the diagnostic accuracy of CBCT 
and  compared it  with conventional radiography for vertical root fractures. 50 of 100 
teeth were subjected to vertical root fracture (VRF) and then placed in dry mandibles. 
CBCT  scans were done for all teeth, and conventional (digital periapical)  
radiographs were used as control images. Results of this study suggested that the 
sensitivity and specificity of CBCT were higher than those for conventional imaging.  
  
Masatoshi Takane et al. 201059 examined the use of CBCT images when 
using a barrier membrane in the treatment of intrabony defects. The periodontal defect 
model had a two-wall intrabony defect in the interproximal area between #26 and #27.  
PAR and axial CT image of that area was obtained. Guided tissue regeneration (GTR) 
membrane was cut to fit the defect based on PAR. The outline of the membrane was 
drawn using computer software, and a template was cut (CT method). Membrane 
fitted well with CT method. With PAR it wrinkled and consumed more time than CT 
method. Thus using CBCT   images, membrane can be pre-cut to exact shape of the 
defect and it also saves  time. 
Eskandarlo A et al. 201160 compared the accuracy of CBCT in measuring 
periodontal defects to that of intraoral radiography and probing methods. It was an 
invitro study  in which  13 mandibles of dry skulls were used. Two-hundred and 
eighteen artificial osseous defects (buccal and lingual infrabony,interproximal, 
horizontal, crater, dehiscence and fenestration defects) were created. Soft tissue 
simulation was done  by placing  mandibles in a plexiglass box full of water. CBCT 
images, radiographic images taken with parallel technique and direct measurements 
using a WHO periodontal probe were recorded. These readings were compared with 
direct measurement with digital calliper which was used as gold standard. The results 
concluded that CBCT was able to measure all kinds of lesions, but radiography could 
not measure defects in the buccal and lingual sites. Hence CBCT technique has good 
accuracy in measuring periodontal defects. 
K de Faria Vasconcelos et al. 201261 compared PAR with  CBCT imaging in 
detecting and localizing alveolar bone loss by comparing linear measurements of the 
height, depth and width of the defects and identifying combined bone defects in 
tomographic images. The two methods present similar views of the depth and width 
of bone defects but differ in detecting the height of the alveolar bone crest. It was 
concluded that CBCT was the only method that  helped to  analyse  the buccal and 
lingual/palatal surfaces and an improved visualization of the morphology of the defect 
was possible.  
Clemens Walter et al.  201262   assessed  the financial benefits of CBCT for 
the treatment options of maxillary molars including periodontal surgery and extraction 
followed by implant placement. Twelve patients with generalized chronic 
periodontitis were included in the study and CBCT was performed in twenty two 
maxillary molars with clinical furcation involvement and increased probing pocket 
depths.  The periodontal diagnosis was done either by conventional diagnostic 
methods or additional CBCT. Treatment recommendations were either based on 
conventional periodontal diagnostics (clinical examinations and periapical 
radiographs), or based on the additional CBCT data. Clinical recommendations 
comprised a minimal (e.g. supportive periodontal treatment) and a maximal invasive 
therapy (e.g. extraction and implant placement), and these were compared with 
CBCT-based recommendations. According to the Swiss dental tariff structure, the 
probabilities of saving costs or time, and the numbers needed to treat were analysed 
with an empirical cumulative distribution function. Data from CBCT facilitated a 
reduction in treatment costs and time for periodontally involved maxillary molars in 
Switzerland. Based on these cost analyses, it was concluded that, CBCT as additional 
diagnostic measure is justified only when more invasive therapies are planned. 
 
 Comparison of CBCT and   Indirect Digital Imaging ( PSP plates) 
A Mol,  A Balasundaram 200863 assessed the accuracy of NewTom 9000 
cone beam CT  images for the detection and quantification of periodontal bone 
defects in three dimensions. The authors suggested that the NewTom 9000 cone beam 
CT scanner provides better diagnostic and quantitative information on periodontal 
bone levels in three dimensions than conventional radiography and also the accuracy 
in the anterior aspect of the jaws is limited.   
Comparison of CBCT and  Orthopathamograph  
H Tal, O Moses 199164 compared panoramic radiography with CT in the 
planning of implant surgery. The depth of the mandible at recipient implant site was 
compared by measuring the distance between edentulous crest and superior border of 
inferior alveolar canal in ten patients. Distortion was calculated using metal ball for 
panoramic radiographs and computer scale for CT. The exact distance between the 
crest and inferior alveolar canal was obtained by post operative radiographs from 
known length of implants. This study suggested that there was an obvious advantage 
with CT as it reveals horizontal dimension, shape and topography of the mandible. It 
was concluded that CT scans were more precise but panoramic radiographs are also 
accurate for routine clinical purposes. 
Dreiseidler T 200965 aimed to determine the potential diagnostic and 
therapeutic benefits of three-dimensional cone-beam (CB) data sets in contrast to 
digital orthopantomography (OPG) and computerized tomography (CT) in implant 
dentistry. It was confirmed that superior radiographic visualization for all important 
high-contrast structures in presurgical implant dentistry assessment for CB imaging 
was possible in contrast to OPG and a CT-like degree of information for high-contrast 
structures in CB data sets. Clinically, however, the elevated radiation dosages 
transmitted by CB imaging must be taken into account. 
H. Ghaeminia et al 200966 Compared the diagnostic accuracy of CBCT with  
panoramic radiography in determining the anatomical position of the impacted third 
molar in relation with the mandibular canal. 53 third molars from 40 patients with an 
increased risk of inferior alveolar nerve (IAN) injury were imaged. The panoramic 
and CBCT features (predictive variables) were correlated with IAN exposure and 
injury (outcome variables). No significant difference in sensitivity and specificity was 
found between the two modalities in predicting IAN exposure. But CBCT provided 
3D relationship of the third molar root to the mandibular canal; the coronal sections 
allowed a bucco-lingual appreciation of the mandibular canal to identify cases in 
which a lingually placed IAN is at risk during surgery which helped in guiding the 
surgery without subjecting  IAN  to pressure.   
Dong-Yul Lee et al 201067 assessed the diagnostic validity of digital 
panoramic radiographs compared to CBCT in patients with temporomandibular joint 
disorders. The results of this study suggested that the panoramic radiograph could be 
used as a primary diagnostic device to detect bony changes of temporomandibular 
joints in clinical orthodontics, as panoramic images showed relatively high sensitivity 
compared to CBCT images. But CBCT images may be one of the best choices when a 
more accurate diagnosis is necessary. 
Carmen Elena et al 201068 compared CBCT with OPG to quantitatively and 
qualitatively evaluate anterior mandibular area. Strong statistical significant 
differences were obtained between CBCT and OPG assessments. Results suggested 
that CBCT  measurements were more accurate when compared with  that of OPG.  
Hence it was concluded that, CBCT provides the clinician all necessary information 
when planning dental implants. 
RH Kamble et al. 201169 investigated the accuracy of 2D OPG in placement 
of miniscrew implants when compared to 3D imaging and direct measurement on 
dried skull. Miniscrew implants were placed in premolar and molar region at an 
angulation of 40º to 50º for maxilla and 10º to 20º for mandible. Measurements were 
performed by all three methods. The results showed 20% vertical magnification for 
maxilla and mandible on panoramic radiograph compared to direct measurement and 
3D imaging. Hence OPG shows variations in linear and angular measurements.  
Liu Jian et al 201370 studied the diagnostic value of CBCT and 
orthpantomography    (OPG) for root fracture. 31 teeth from 30 suspected patients of 
root fracture were examined by CBCT and OPG. Root fractures were confirmed in all 
the 31 teeth by CBCT and subsequent extraction while OPG  detected fractures in  
only 23 teeth. Hence it was suggested that CBCT images can more distinctly illustrate 
the fracture lines, and surrounding bone loss in three dimensions and CBCT is 
superior to OPG in detection of root fractures. 
Comparison of OPG  and  Periapical Radiograph 
M Rohlin et al. 198971 compared panoramic and periapical radiography 
(PAR) in  diagnosing periapical bone lesions. Periapical status of 117 teeth evenly 
distributed throughout the jaws with a 50% probability that either an osteolytic or 
sclerotic lesion was present were assessed by five oral radiologists. Receiver 
operating characteristic analysis demonstrated no overall significant difference 
between panoramic and PAR. But for sclerotic and osteolytic lesions and for all 
lesions on maxillary premolars and mandibular molars PAR was significantly superior 
than panoramic radiographs. 
Louise Åkesson et al 199272 compared  panoramic, bitewing and PAR and 
probing for measurement of the marginal bone level. The open bone measurement 
represented the gold standard. All methods underestimated the bone loss. Probing 
bone level before surgery was most accurate, deviating at most 5% from the true 
value. PAR was more accurate than panoramic and bitewing radiography. Panoramic 
radiography presented a slightly lower mean accuracy than bitewing radiography. The 
underestimation of the bone loss ranged from 13 to 32% in panoramic radiographs , 
11–23% in bitewing and 9–20% in periapical radiographs. It was concluded that 
periapical radiographs gave accurate results followed by panoramic and bite wing 
radiographs when open bone measurement was used as gold standard.   
Rigmor E. Persson et al. 200373  assessed  the agreement between intraoral 
radiographs  and panoramic radiographs (OPG)  for direct measurements of the 
distance between the cemento-enamel junction (CEJ) and the alveolar bone level (BL) 
as well as the proportional values in relation to the root length (CEJ–BL/root length), 
and also to explore the symmetry between the left- and right-side measurements. A 
total of 11,395 linear distances (CEJ–BL plus CEJ–apex) from the intraoral 
radiographs and 21,462 linear distances from the OPGs were measured. The results 
indicated that intraoral radiographs and OPG radiograph readings are in great 
agreement and alveolar bone loss appeared to have a symmetrical distribution pattern. 
Hence it was concluded that for periodontal assessments, OPG radiographic readings 
may, at least in part, substitute for full-mouth periapical radiographic evaluation. 
V Sairam, Gagan puri 201174 aimed to compare panoramic, bitewing  
radiography and pocket probing measurement of alveolar bone level. 120 subjects 
were included in the study. Probing depth was measured at mesial and distal aspects 
of premolars and molars using Williams periodontal probe. One panoramic and four 
bitewing radiographs were taken for each patient in the same area where probing was 
done. It was concluded from the study that both radiographic techniques demonstrated 
a definite underestimation of bone level compared to clinical probing. 
Comparison of  CBCT, OPG and Periapical Radiograph. 
Reiner Mengel et al. 200537 investigated the accuracy and quality of the 
representation of periodontal defects by intraoral radiography (IR), panoramic 
radiography (PR), computed tomography (CT), and digital volume tomography 
(DVT) and  compared these with the histologic specimens. The results revealed that 
CT and DVT scans showed only a slight deviation in the extent of the periodontal 
defects when compared with the histologic specimens. Both CT and DVT allowed 
imaging in all three planes to true scale. 
Carlos Estrela et al. 200875 evaluated the accuracy of imaging methods for 
detection of apical periodontitis (AP). Imaging records from a consecutive sample of 
888 imaging exams of patients with endodontic infection (1508 teeth), that included 
CBCT and panoramic and PAR, were selected. Sensitivity, specificity, predictive 
values, and accuracy of periapical and panoramic radiographs were calculated. 
Overall sensitivity was better for periapical (0.55) than panoramic (0.28). Prevalence 
of AP was significantly higher with CBCT which proved to be the most accurate 
method to detect AP. 
          
Bassam H 201076 investigated the reliability of both PAR and OPG for exact 
detection of tooth root protrusion in the maxillary sinus by correlating the results with 
CBCT. A database of 1400 patients scanned with CBCT was searched for matching 
PAR and OPG images of maxillary premolars and molars. Matching OPG images 
datasets of 101 patients with 628 teeth and PA radiographs datasets of 93 patients 
with 359 teeth were identified.  The relationship between the apex of tooth root and 
the maxillary sinus per tooth on PA radiographs, OPG and CBCT images were 
assessed by four observers  using the following classification: root tip is in the sinus 
(class 1), root tip is against the sinus wall (class 2) and root tip is not in the sinus 
(class 3).The results showed  that both PAR and OPG  are not reliable in 
determination of exact relationship between the apex of tooth root and the maxillary 
sinus floor. Periapical radiography was found to be  slightly more reliable than 
orthopantomography in determining this relationship. 
Yu L, He S, Chen S. 201277 evaluated the diagnostic accuracy of qualitative 
and semi-quantitative evaluations on root resorption associated with orthodontic force 
(RRAOF) using orthopantomogram (OPG) and periapical film, and compared it with 
CBCT, which was considered as the Gold standard. Significant difference was found 
between PAR and OPG when compared to CBCT. The sensitivity of periapical films 
and OPG was 71.6% and 78.4%. The specificity of periapical films and OPG was 
25.5% and 51.1%. The accuracy of periapical films and OPG was 53.7% and 67.8%, 
respectively. Hence it was suggested that periapical films and OPG for evaluating 
RRAOF have a poor diagnostic accuracy.  
           
Monali A. Shah et al 201378    compared and correlated non-invasive 3D 
radiographic technique of Dentascan (CBCT) with bone sounding (BS) & open bone 
measurements(OBM), and IOPA and OPG, in assessing the alveolar bone level ( 
ABL).  Two hundred and five sites were included in the study and were subjected to 
clinical and radiographic diagnostic techniques. Relative distance between the 
alveolar  bone crest and reference wire was measured. OBM was considered as gold 
standard. All the measurements were compared and tested against the OBM. The 
results showed statistical difference between CBCT and OBM. Only BS showed 
agreement with OBM with no superior result of Dentascan over the conventional 
techniques, except for lingual measurements. 
Studies on CBCT  
Tom Naito et al. 199879 conducted a study to determine  the use of 3-
dimensional computed tomography (3DCT) for  imaging bone defect morphology 
caused by periodontal disease. Bone resorption and root morphology were evaluated 
by CT scanning. Bone sounding was done before the surgery.  Intrasurgical 
measurements were used as gold standard. CEJ was used as reference point. Bone 
sounding was slightly more accurate than 3DCT, but there was no significant 
difference between these two assessments. Results suggest that 3DCT has the 
potential to determine precisely the bone defect caused by periodontal disease. 
HM Pinsky et al.  200638   in  their  in vitro  study aimed to determine  
whether linear and 3D CBCT volumetric measurements, is accurate for assessement 
of  osseous defect sizes. Defects were created in the mandible and were simulated in 
an acrylic block. Linear CBCT measurements were compared with predetermined 
machined dimensions. The results  demonstrated that clinically acceptable accuracy 
can probably be obtained for oral applications requiring evaluation of small osseous 
defects using CBCT. 
Miet Loubele et al  200780 compared CBCT and spiral CT to assess the 
validity of jaw bone width and also the subjective image quality of CBCT was 
compared to that of multisclice spiral CT (MSCT). Twenty five human dry mandibles 
were used to assess dimension and one maxilla for image quality assessment. Direct 
measurements on mandible were used as gold standard. Spiral CT underestimated jaw 
bone width slightly more than CBCT. Subjective image quality assessment was 
significantly better for CBCT than MSCT for visualisation and delineation of lamina 
dura and periodontal ligament space. MSCT was better than CBCT for gingival and 
cortical bone assessment. Both CBCT and Spiral CT are reliable tools to assess jaw 
bone width. 
SA Stratemann et al. 200881 determined the accuracy of measuring linear 
distances between landmarks commonly used in orthodontic analysis on a human 
skull using two CBCT systems .One adult human skull was used for the study. 
Measurements of length were taken using volumetric data from two CBCT systems 
and were compared with physical measures using a calliper. Landmarks were 
identified with chromium steel balls embedded at 32 cranial and 33 mandibular 
landmarks and the linear measures were taken with a digital calliper. The skull was 
then scanned with two different CBCT systems: the NewTomH QR DVT 9000 
(Aperio Inc, Sarasota, FL) and the Hitachi MercuRay (Hitachi Medico Technology, 
Tokyo, Japan).  It was concluded from the results that the volumetric data rendered 
with both CBCT systems provided highly accurate data compared with the gold 
standard of physical measures directly from the skulls, with less than 1% relative 
error. 
Alessandro Lourenço januário et al. 200882  developed a novel method based on 
CBCT technology called soft tissue CBCT (ST-CBCT) to visualize and precisely 
measure distances corresponding to the hard and soft tissues of the periodontium and 
dentogingival attachment apparatus. It is a simple and noninvasive technique, to 
determine the relationships between  
¾ Gingival margin and the facial bone crest, 
¾ The gingival margin and the CEJ  
¾ The CEJ and facial bone crest,  
¾ To measure the width of the facial and palatal/lingual alveolar bone 
¾ To measure the width of the facial and palatal/lingual gingival. 
ST-CBCT has ample application in several dental specialties such as 
periodontology, implant dentistry, orthodontics, prosthodontics, and operative 
dentistry. It is a quantitative method and not a qualitative one, because discrimination 
of specific macro and microscopic characteristics of the tissues cannot be visualized. 
Hence ST-CBCT is definitely a useful tool in presurgical evaluation of gingival 
tissues which would provide  predictable outcome.   
W. De Vos et al. 200983 reviewed the literature on cone-beam computerized 
tomography imaging of the oral and maxillofacial (OMF) region. The results of this 
systematic review suggested that there is a lack of evidence-based data on the 
radiation dose for CBCT imaging. Terminology and technical device properties and 
settings were not consistent in the literature. 
Carolina Carmo de Menezes et al. 201084 assessed and compared the 
reproducibility of buccal and lingual bone plate thickness measurements in CBCT 
images using different image acquisition protocols, with variations in the voxel 
dimension. CBCT scans of  12 dried human mandibles with voxel dimensions of 0.2, 
0.3 and 0.4 mm were obtained  using the i-CAT Cone-Beam 3-D Dental Imaging 
System. Results concluded that the measurement of buccal and lingual bone plate 
thickness on CBCT images demonstrated good precision for voxel dimensions of 0.2, 
0.3 and 0.4 mm. 
Caroline Vieira Feijo et al.  201285 verified the accuracy of CBCT in 
measurement of horizontal periodontal defects. Six periodontitis patients were 
recruited, eight maxillary molars were assessed. CBCT images of the selected teeth 
were obtained and measurements were performed using appropriate software. These 
measurements were compared with the intrasurgical measurements. CEJ was used as 
reference point. The results showed no statistical difference between clinical  and 
CBCT measurements. It was concluded that CBCT accurately measures the horizontal 
periodontal defects. 
Fang Dong et al. 201286 evaluated  the accuracy and repeatability of alveolar 
bone height measurement by  cone beam computed tomography , and to provide 
theoretical application of CBCT in periodontics. It was an invitro study in which eight 
dry mandibles with 236 selected markers were scanned by CBCT.  The distance from 
alveolar ridge crest to CEJ were measured on every marker by the images of CBCT. 
Also the distances on the dry mandibles were measured directly by vernier calliper. 
No significant difference between the two repeated measurements by the CBCT 
images were found. No significant difference were found between the measurement 
by the CBCT images and by vernier callipers. CBCT showed good accuracy and 
repeatability   in measurement of alveolar bone height in vitro. CBCT images could 
demonstrate the three-dimensional relationships between tooth and alveolar bone 
accurately.  
Sharifi et al. 201387 analyzed  the accuracy of linear measurements on CBCT 
in comparison with the anatomic measurements obtained from dry human skull. 10 
dry human skulls were  used for the study. Sixteen anatomic landmarks were  marked 
with 1mm gutta-percha round markers. Thirteen linear distances between these 
landmarks were measured, with a digital calliper on dry human skulls and then on 2D 
multiplanar CBCT images rendered by NewTomVGi (QR srl - Verona, Italy) system 
using measurement tools of  NNT software. The direct measurements with calliper 
were considered as real distances and were compared with the  measurements on 
CBCT images. Results revealed no significant difference between real and 
radiographic measurements. Hence linear measurements on CBCT images in 
craniofacial area are accurate and can be used as a reliable tool in diagnosis and 
treatment planning. 
Qiao J et al. 201488 investigated the accuracy of CBCT in assessing maxillary 
molar furcation involvement (FI). CBCT was performed in maxillary molars in fifteen 
patients with generalized chronic periodontitis, with probing pocket depths of ≥6 mm 
and advanced FI.  Furcation surgery was performed in 20 maxillary molars. CBCT 
images were compared with intrasurgical FI.  The agreement between both 
assessments was good in buccal furcation entrances, followed by distopalatal and 
mesiopalatal furcation entrances. It was concluded that Cone-beam computed 
tomography images demonstrate a high accuracy in assessing the loss of periodontal 
tissue of the FI and root morphologies in maxillary molars. 
Avsever et al. 201489  compared  the diagnostic accuracy of two different 
cone-beam computed tomography units with several intraoral radiography techniques 
for detecting horizontal root fractures. 82 extracted human maxillary incisors without 
root fractures that had not undergone any root canal treatment were obtained. Root 
fractures were created in the horizontal plane in 31 teeth by a mechanical force. Two 
groups were assigned a control group with no fractures and a test group with 
fractures. These teeth were randomly placed in  empty maxillary anterior sockets of a 
dry human maxilla. Each tooth was imaged at various vertical angles using each of 
the following modalities: a 3D Accuitomo 170 CBCT, a NewTom 3G CBCT, a 
VistaScan PSP, a CCD sensor, and conventional film. Specificity and sensitivity for 
assessing horizontal root fracture by each radiographic technique were calculated. The 
results indicated that 3D Accuitomo 170 has the highest sensitivity and diagnostic 
accuracy for detecting horizontal root fracture among the 5 radiographic modalities 
examined. Hence it was concluded that CBCT imaging offers the clear advantage 
over conventional imaging in that the traumatized teeth can be visualized in all three 
dimensions-especially the oro-facial dimension. 
Weidmann B et al 201490 in their pilot study illustrated and validated the 
possibility of radiographically visualizing and metrically assessing hard and soft 
tissue. It was an animal study in which artificial periodontal pockets were created in 
porcine mandibles and measured by clinical (i.e. pocket probing) and radiographic 
means (CBCT). For assessing pockets with CBCT, pockets were filled with a 
radiopaque material. Pocket depth probing and CBCT measurements were compared. 
No statistically significant difference was found  between the two methods. Thus, it 
was concluded from this study that the CBCT is a new and promising radiographic 
all- in-one evaluation system of the periodontal status.  
Comparison of Conventional and Digital Radiographs 
E De Smet et al. 200291 conducted a study in which they installed two 
implants, in three human cadavers according to the Instruction Manual for the 
Branemark System. One implant was placed in the canine and one in the premolar 
region of the left mandible. For each implant, conventional and digital intra-oral 
paralleling radiography were taken. Digital intra-oral images showed the smallest 
absolute differences, than conventional radiographs. Hence digital intraoral images 
can  be recommended for marginal bone level assessment around oral endosseous 
implants. 
T Jorgenson et al. 200792 compared the diagnostic accuracy of F-speed 
conventional film, unenhanced digital images and inversion-enhanced digital images 
for the detection of osseous defects in patients with vertical bone defects. 23 vertical 
osseous defects in the mandible were identified and radiographed. The radiographic 
readings were compared with intrasurgical measurements which were measured from  
CEJ  to the deepest extension of the osseous defects (gold standard). Conventional F 
speed films underestimated the defects and and inversion-enhanced digital images 
overestimated the osseous defect depth. Unenhanced digital imaging was found to be 
superior to conventional F-speed film and inversion-enhanced digital images for 
accurately imaging periodontal osseous defects. 
         
Deepa C et al. 201293 assessesd  the accuracy of intraoral periapical (IOPA) 
and radiovisiography (RVG) radiographs to detect interproximal alveolar bone loss 
using intrasurgical (IS) measurements as the gold standard. 106 interproximal sites 
from 23 patients with moderate to advanced periodontitis were measured in IOPA, 
RVG radiographs and compared with IS method. Digital vernier calliper was used to 
measure bone loss in IOPA and  linear measurement tool inbuilt for  RVG system. 
The IOPA and RVG readings were not in agreement with IS measurements. It was 
found that both conventional and digital radiographs are of use in interproximal bone 
loss assessment but in different similarities.   
Studies on Periapical Radiographs 
Eva Borg et al 199794  compared  bone loss measurements in the furcation 
area of mandibular molars in digital radiographs from a CCD-(Sens-A-Ray®) and a 
storage phosphor (Digora®) system. Ten, 1st and seven, 2nd mandibular molars, with 
intact lingual but reduced buccal bone with furcation involvements, were used. True 
distance between the CEJ and the buccal bone level was established with the 
radiographs. The lead marker  was used as reference point at the CEJ. Measurements 
were made in unprocessed (original) and processed images (contrast enhanced and/or 
high pass filtered). The results showed underestimation of bone loss, but smaller than 
previously reported for film radiographs. No significant difference was found between 
the 2 systems when compared at the same exposure. Nor were any significant 
differences found between unprocessed and processed images or between storage 
phosphor images from different exposures. Hence it was concluded that digital 
radiographs are comparable to film based radiographs for measurement of buccal 
bone loss.  Lower exposures can be used, especially with the storage phosphor 
system. 
T Hishikawa et al. 201095  aimed   to investigate the effect of changes in 
horizontal X-ray beam angulation in intraoral radiography on the detection accuracy 
of furcation defects in the mandibular first molar, and also  to examine the anatomical 
relationship between the roots and furcation area as a possible cause of changes in 
detectability. They suggested that the angulations traditionally used for detecting 
proximal caries are also suitable for detecting furcation defects. 
Farzad Esmaeli et al. 201296 designed a study to evaluate the diagnostic 
value of indirect digital radiography (with the parallel technique) in determining the 
topography of periodontal bony defects. They compared the results with real 
measurements. The results of this study  indicated that digital enhancement can result 
in an increased ability to diagnose intra-osseous defects, giving way for a more 
appropriate decision-making process to treat intra-osseous lesions more properly.  
Christian Graetz et al. 201497 evaluated the validity of furcation probing 
(FP) and radiographic assessment of furcation involvement (FI) compared to the 
visual assessment during open flap surgery (OFS). 834 molars were evaluated for the 
FI by FP and in radiographs. The degree of FI by FP was confirmed in 56%, while 15 
% were over- and 29% underestimated. FI degree 0 and I had been detected with high 
probability (74%/54%) and for degree III 57% were detected correctly by radiographs 
and 32% by FP.  These findings suggested that  the reliability of FP compared to 
radiographic assessment depends on the anatomy and location of the tooth. Both 
diagnostic tools can be used in cases of FI.  
Materials and Methods 
Study setting 
This in vitro study was carried out in the department of Periodontics, Oral 
Medicine and Radiology, Sree Mookambika Institute of Dental Sciences, Kulasekharam, 
Tamil nadu and in Oral and Maxillofacial diagnostics, Ernakulam. This study was 
approved from Institutional Research Committee (IRC), Sree Mookambika Institute of 
Dental Sciences and Institutional Human Ethical Committee (IHEC) of Sree 
Mookambika Institute of Medical Sciences.  
Study type 
This is an in vitro experimental study.  
Selection of mandible 
A total of ten dentate dry mandibles were used. 
Inclusion criteria 
• Mandibles should contain at least two pre-molars and four molars. 
• Mandibles with the osseous defects  
Exclusion criteria 
• Edentulous mandibles 
• Mandibles with fracture 
• Teeth fractured below the cementoenamel junction. 
 Based on the inclusion/exclusion criteria total of sixty existing periodontal osseous 
defects were identified and grouped into: 
Group I: Furcation defects     - twenty sites  
Group II: Horizontal defects  - twenty sites  
Group III: Infrabony defects  - twenty  sites 
Imaging methods used 
1. Cone beam computed tomography  
2. Orthopanthamograph 
3. Intraoral periapical (IOPA) radiograph by indirect digital imaging using 
photostimulable phosphor (PSP) plates. 
 Manual measurements were done using an endodontic file with a rubber stopper 
which in turn was measured using a digital vernier calliper. 
Chemicals /instruments/equipments  
¾ Ten dentate dry mandibles. 
¾ 20% Hydrogen peroxide 
¾ Airotor  
¾ Straight fissure bur 
¾ Gutta-percha cones  
¾ Endodontic files with stoppers  
¾ Digital vernier callipers  
¾ Rinn  position indicating device  
¾ Photostimulable phosphor plates (size +2) 
¾ CBCT machine (Sirona Orthophos XG-3D) 
¾ OPG machine (Sirona Orthophos XG-3D) 
¾ IOPA  machine (Planmeca Intra) 
Preparation of samples 
The mandibles were washed in detergent, then soaked in 20% hydrogen peroxide for one 
week. The mandibles were then washed and dried thoroughly. Only the premolars and 
molars regions were used to study the defects. Thin grooves with a depth of 2 mm were 
prepared at the anatomical location of cemento-enamel junction (CEJ) using an airotor 
and a straight fissure bur. ISO color coded gutta-percha cones (0.15, Dentsply) were cut 
to desired length. These cones were placed into the grooves in CEJ using glue. The gutta-
percha cones served as radiopaque markers at CEJ which was used as a standard 
reference line for all the measurements. These mandibles were subjected to radiographic 
imaging. 
Procedure  
1.Indirect digital imaging using photostimulable phosphor (PSP) plates 
            Intra oral periapical (IOPA) radiographs using photostimulable phosphor (PSP) 
plates were used to image the selected sites on the mandibular premolar and molar 
region. For the standardization purpose Rinn position indicating device was used. The 
distance from x-ray source (focal spot) to the position indicating device (PID) was set as 
25 cm. The distance from the PID to the PSP plate was set as 20 cm. The size of PSP 
plate used was +2. The PSP plate was placed in the protective cover and placed 
horizontally in the slot in PID. The symbol on the PSP plate was kept facing the x-ray 
source (similar to the embossed dot of conventional IOPA film). The mandible to be 
imaged was fitted into a sponge block and was placed on a flat table so that the lower 
border of mandible remained parallel to the floor.  The IOPA machine used was 
Planmeca Intra. The teeth to be imaged were exposed for 0.2 seconds, 70 KVp, 8 mAs to 
imitate current clinical settings. The image plate was removed from the protective cover 
and placed in light protection cover. Now the plate was ready to be scanned. The image 
plate was placed in scanner, which, with its automatic grip mechanism takes the PSP 
plate inside, leaving the protective cover outside. The plate gets exposed to helium neon 
laser light. The image was stored by DBSWIN software and the measurements were done 
using this inbuilt measurement tool. The length of the furcation, and infrabony defects 
were measured from the gutta-percha cone to the apical most radiolucent area of the 
defect. The length of the horizontal defects were measured from the CEJ to the coronal 
most radioopaque area of the defect. The width of furcation defects were measured at the 
widest area of furcation involvement. The depth of the furcation defect were measured 
from the entrance of the furcation till the deepest point of the defect. All the 
measurements are done in millimetres (mm). 
2. Imaging with Orthopathamograph   
 Panoramic radiographs were obtained  using a  Sirona Orthophos XG-3D 
machine.  The mandible to be imaged was fitted into a sponge block and placed in the 
focal trough, keeping the lower border parallel to the floor and the horizontal laser beam 
exactly coincided with the condyles. This was done to ensure proper positioning of 
mandible similar to that done in the actual clinical setting. Each mandible were exposed 
once for panoramic (2D) radiograph. The mandibles to be imaged were exposed for 15 
seconds, 68 Kvp, 11mAs. The images appeared in the computer, which were saved. All 
measurements were done in mm using an inbuilt measuring tool (Galileos viewer). The  
length  of  furcation  and infrabony defects were measured from the gutta-percha cone to 
the apical most radiolucent area of the defect. The horizontal defect were measured from 
the CEJ to the coronal most radioopaque area adjacent to the tooth with the defect. The 
width of furcation defects were measured at the widest area of furcation involvement. All 
the measurements were done in mm using inbuilt measuring tools.  
3. Imaging with CBCT 
  3D CBCT scanning were done using Sirona Orthophos XG-3D machine.  The  
positioning of mandible  was similar to that done for OPG imaging. The mandibles to  be 
imaged was fitted into a sponge block and placed in the focal trough, keeping the lower 
border parallel to the floor and the horizontal laser beam exactly coincided with the 
condyles. This was done to imitate the actual clinical settings. Each mandible were 
exposed for CBCT (3D). Data were acquired at a resolution of 0.4mm, using 2 seconds 
exposure time, 120 KVp, 47.74 mAs. The slice thickness was set at 0.4 mm and pitch 
was set at 0.125 mm. The images were generated in the digital imaging and 
communications in medicine (DICOM) format. The images appeared in the computer, the 
jaw orientation was adjusted and then saved. CBCT images were obtained in panoramic 
view, 3D reconstruction view, coronal,  saggital  and axial views. The length  of  
furcation was measured in coronal section as measured by the length of gutta-percha  
cone and the length of  infrabony defects were measured in saggital section from the 
gutta-percha cone to the apical most radiolucent area of the defect.  The length of 
horizontal defect were measured in saggital section from the CEJ to the coronal most 
radioopaque area of the defect. The width of furcation defects were measured in saggital 
section at the widest area of furcation involvement. The depth of the furcation was 
measured in axial section from the outermost surface of the gutta-percha cone to the 
deepest point of furcation involvement.  All the measurements were done in mm using 
inbuilt measuring tools.  
4. Manual measurements 
Manual measurements were used as gold standard, against which the 
measurements of CBCT, OPG and Indirect digital IOPA radiographic techniques were 
compared. Manual measurements of all the selected sites were done. Gutta-percha cones 
at CEJ served as reference points. For the manual measurements endodontic file with 
rubber stopper was used. The length of furcation  and infrabony defects were measured 
by placing the endodontic file along the long axis of the tooth such that the rubber stopper 
is at the CEJ and the tip of the file is at the apical  most extent of the defect. To measure 
the depth of the furcation defect, file was inserted into the deepest point of the defect till 
the rubber stopper touched the entrance of the furcation. The width of the defect was 
measured at the widest area of furcation using the file. The horizontal defects were 
measured by placing the endodontic file along the long axis of the tooth such that the 
rubber stopper is at the CEJ and the tip of the file at the coronal most extent of the defect. 
After determining the distance on the endodontic file, an electronic calliper (Aero space, 
0-150mm) was used to measure the distance of file from its tip till the rubber stopper. 
The digital calliper was first switched on, then it was set to zero in the beginning and also 
after each measurement to avoid any error. The thumb roller on the calliper was slided to 
measure the distance on the file using internal measuring jaws.  All the measurements 
were done in mm.  
Statistical analysis 
The data was expressed in mean and standard deviation. One way ANOVA Post 
hoc test followed by Sheffs test applied to find statistical significant between the groups. 
Un-paired ‘t’ test was applied to find statistical significance between two groups. SPSS 
(16.0) version used for statistical analysis. P value less than 0.05  was considered 
statistical significant at 95% confidence interval. 
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 The purpose of this in vitro study was to  compare the  three different  
radiographic techniques with manual measurements which is considered as gold 
standard to determine the accuracy of  dimensions with respect to:  
i. Length, width, depth of furcation defects. 
ii. Length of horizontal defects.  
iii. Length of infrabony defects.  
 Ten dentate dry mandibles were used. Sixty existing periodontal osseous defects 
were identified and grouped into: 
Group I :  Furcation defects     - twenty sites  
Group II :  Horizontal defects  - twenty sites  
Group III :  Infrabony defects  - twenty  sites 
Three imaging methods used were: 
1. Cone beam computed tomography  
2. Orthopanthamograph 
3. Intraoral periapical radiograph(IOPA) by indirect digital imaging using 
photostimulable phosphor (PSP) plates. 
 
Statistical analysis  
The data was expressed in mean and standard deviation. One way ANOVA 
Post hoc test followed by Sheffs test applied to find statistical significance between 
the groups. Un-paired t test was applied to find statistical significance between two 
groups. SPSS (16.0) version used for statistical analysis. P value less than 0.05 
considered statistical significant at 95% confidence interval.  
Group-I:  Furcation defects; Group-II: Horizontal defects;  Group-III: 
Infrabony defects. 
Table-1: Mean values of different groups for  length, width and depth values 
measured by four different methods. 
Group-I   
Furcation defects 
(MEAN±SD) 
Group-II 
Horizontal 
defects 
(MEAN±SD) 
Group-III 
Infrabony 
defects 
(MEAN±SD) 
Method of 
measurement 
Length 
(mm) 
Width 
(mm) 
Depth 
(mm) 
Length(mm) Length (mm) 
CBCT 4.42±1.44 2.00±0.56 3.55±1.98 3.01±0.52 4.33±1.81 
OPG 4.72±1.52 1.06±0.53  2.54±0.85 3.70±1.52 
IOPA 4.84±1.02 1.16±0.71  2.13±0.61 3.33±1.14 
Manual 4.31±1.35 2.01±0.57 3.66±2.11 3.06±0.56 4.24±1.67 
 
    Table 1 shows the mean values of all the three groups i.e. Group I – furcation 
defect (length, width, depth), Group II – length of horizontal defects, Group III – 
length of infrabony defects measured by all the four methods ( CBCT, OPG, IOPA 
radiographs and manual method). 
 
Table-2: Multiple comparison of furcation defect -length values measured by 
four different methods    
Method of measurement Group-I 
Furcation  defect length (mm) 
(MEAN±SD) 
CBCT 4.42±1.44 
OPG 4.72±1.52* 
IOPA 4.84±1.02* 
Manual 4.31±1.35#,$ 
(*P<0.05 significant compared furcation length values of CBCT with other 
methods, #P<0.05 significant compared furcation length values of OPG with 
other methods, $P<0.05 significant compared furcation length values of IOPA 
with other methods). 
Table 2 and Graph 1: shows multiple comparison of Group I – furcation length 
values measured by four different methods i.e. CBCT, OPG, IOPA radiographs and 
manual methods. The comparison of mean values of CBCT (4.42±1.44) and manual 
methods (4.31±1.35) showed statistically insignificant difference. But when values of 
manual method was compared with that of OPG(4.72±1.52) and IOPA(4.84±1.02) 
there was a statistically significant difference, with OPG and IOPA showing higher 
values than manual method. (P<0.05). On comparison of OPG and IOPA values there 
was statistically insignificant difference. 
 
Table-3: Multiple comparisons of furcation defect- width values measured by  
four different methods 
 
Group-I Furcation  defects Method of 
measurement 
Width (mm) (MEAN±SD) 
CBCT 2.00±0.56 
OPG 1.06±0.53* 
IOPA 1.16±0.71* 
Manual 2.01±0.57#,$ 
(*P<0.05 significant compared furcation width values of CBCT with other 
methods, #P<0.05 significant compared furcation width values of OPG with other 
methods, $P<0.05 significant compared furcation width values of IOPA with 
other methods)  
 Table 3 and Graph 2: shows multiple comparison of Group I – furcation width 
values as measured by four different methods i.e. CBCT, OPG, IOPA radiographs and 
manual methods. The width of furcation defect as measured by manual method 
(2.01±0.57) showed no statistically significant difference when compared to that of  
CBCT (2.00±0.56). The values of manual methods as compared to OPG and IOPA 
showed a statistically significant difference (P<0.05). The comparison of values 
among OPG and IOPA showed no statistically significant difference. 
 
 
Table-4: Comparison of furcation defect depth values by two different methods 
Group-I Furcation  defects Method of measurement 
Depth (mm) (MEAN±SD) 
 
CBCT 3.55±1.98 
Manual 3.66±2.11 
(P>0.05 no significant difference compared furcation depth 
values measured two different methods ) 
 
 Table 4 and Graph 3: Since the depth of the furcation defect could be 
measured by only two methods i.e. CBCT and manual method, the comparison could 
be done only between these two methods. The mean value for depth of furcation as 
measured by CBCT was 3.55±1.98, where as that of manual measurement was 
3.66±2.11. However it was found to be statistically insignificant. 
	
 
 
 
 
 
 
 
 
 
Table-5: Multiple comparisons of horizontal defect- length values measured by 
four different methods    
Method of measurement Group-II Horizontal defect length 
in mm  (MEAN±SD) 
 
CBCT 3.01±0.52 
OPG 2.54±0.85* 
IOPA 2.13±0.61* 
Manual 3.06±0.56#,$ 
(*P<0.05 significant compared horizontal length values of CBCT with other 
methods, #P<0.05 significant compared horizontal length values of OPG with 
other methods, $P<0.05 significant compared horizontal length values of IOPA 
with other methods)  
 Table 5 and Graph 4: shows multiple comparison of Group II- length of 
horizontal defects as measured by four different methods i.e. CBCT, OPG, IOPA 
radiographs and manual method. Comparison of mean value of CBCT (3.01±0.52) for 
length of horizontal defect as compared to that of manual method (3.06±0.56) showed 
a statistically insignificant difference. When comparison of values of manual method 
was done with that of OPG (2.54±0.85)and IOPA (2.13±0.61) radiographs, it was 
found to be statistically significant. (P<0.05). The values of OPG and IOPA showed 
statistically insignificant difference. 
 
Table-6: Multiple comparisons of infrabony defect- length values measured by 
four different methods    
Method of measurement Group-III Infrabony defect 
length  in mm  
(MEAN±SD) 
 
 CBCT 4.33±1.81 
OPG 3.70±1.52* 
IOPA 3.33±1.14* 
Manual 4.24±1.67#,$ 
(*P<0.05 significant compared infrabony length values of CBCT with other 
methods, #P<0.05 significant compared infrabony length values of OPG with 
other methods, $P<0.05 significant compared infrabony length values of IOPA 
with other methods)  
Table 6 and Graph 5: shows comparison of Group III – length of infrabony 
defects as measured by four different methods i.e. CBCT, OPG, IOPA radiographs 
and manual methods. On comparison of values of manual method (4.24±1.67)with 
that of CBCT (4.33±1.81), there was no statistically significant difference found. The 
manual measurement values when compared with that of OPG (3.70±1.52) and IOPA 
(3.33±1.14) showed a statistically significant difference (P<0.05). When OPG and 
IOPA were compared among each other, the values did not show any statistically 
significant difference. 
  
Graph-1: Multiple comparisons of furcation defect length values measured by 
four different methods 
 
 
 
 
Graph-2: Multiple comparisons of furcation defect- width values measured by 
four different methods 
 
 
 
 
Graph-3: Comparison of furcation  defect-depth values by two different methods 
 
 
 
 
 
Graph-4: Multiple comparisons of horizontal defect- length values measured by 
four different methods 
 
 
 Graph-5: Multiple comparisons of infrabony defect length values measured by 
four different methods 
 
 
 
 
 
 
 
 
 
 
 
Periodontal disease is a chronic infectious disease with a multifactorial 
etiology, ultimately leading to alveolar bone destruction and tooth loss. There have 
been vast advancements in periodontal treatment modalities. Developments in 
surgical techniques and also regenerative approaches that include bone grafts, guided 
tissue regeneration, growth factors in the form of platelet rich fibrin have been 
possible due to the simultaneous advancements in diagnostic approaches, both of 
which have made periodontal treatment a success.  The most common and also the 
most important diagnostic technique for diagnosis of periodontal disease has been the 
radiographic technique. Accurate assessment of condition of alveolar bone is essential 
for diagnosis, treatment planning and to determine the prognosis of periodontal 
disease. Routine diagnostic methods used to detect periodontal bone loss include 
periapical radiographs and the orthopantamograph. Recent advancements in 
periodontal radiographic diagnostic aids include digital radiography, subtraction 
radiography, cone beam computed tomography. 
There has been a paradigm shift from 2D to 3D approach with the introduction 
of Cone beam computed tomography (CBCT). Cone beam CT also known as dental 
CT is a recently developed imaging modality.  It was introduced in 1998 for 
dentoalveolar imaging. CBCT allows the creation in “real time” of images in the 
axial, coronal, sagittal sections and even oblique or curved image planes - a process 
referred to as multiplanar reformation (MPR). All CBCT units produce 3D images, 
although each manufacturer uses slightly different parameters and viewing software. 
These images are in the Digital Imaging and Communications in Medicine (DICOM) 
data format, which makes it convenient for image sharing, telecommunications, and 
postprocessings.27 Radiation can be limited only to the area of suspected disease 
presentation and region of interest unlike conventional CT where the whole body is 
subjected to radiation. 
Several studies have compared CBCT with either CT, IOPA, OPG 
radiographs, or manual measurements. However comparison of the three radiographic 
methods with manual measurements considered to be the gold standard has not been 
explored. Hence the purpose of this study was to evaluate the accuracy of three 
radiographic techniques in determining the exact measurements of the periodontal 
osseous defects.  In the present in vitro study existing periodontal defects in dry 
human dentate mandibles were studied. A total of sixty periodontal bony defects that 
included furcation defects, horizontal and infrabony defects, were identified and 
subjected to various radiographic techniques. The radiographic techniques used were 
CBCT, OPG, Indirect digital imaging using PSP plates. Manual measurements with 
calliper was done against which all the other measurements were compared.  The 
three groups in the study comprised of group I- furcation defects, group II- horizontal 
defects, group III- infrabony defects. CEJ was used as reference line into which a 
radioopaque gutta-percha cone was glued. Necessary care was taken to ensure proper 
standardization of the radiographic techniques and their interpretation. All the 
radiographic measurements were done using in-built measurement tool, but for 
manual measurements an endodontic file was used to measure the size of the defect 
which in-turn was measured using a digital vernier calliper.  
In this study CBCT,OPG, IOPA radiographs generated data of furcation 
defects were analysed in comparison with manual measurements, the current gold 
standard for diagnosis of furcation defects. The results for the length and width of 
furcation defects showed no statistically significant difference between CBCT and the 
manual measurements (p>0.05). However there was a statistically significant 
difference between the manual measurements and that of OPG and IOPA (p<0.05). 
The depth of furcation defects between manual measurements values 3.66±2.11 and 
that of CBCT values 3.55±1.98 were also found to be statistically 
insignificant(P>0.05). This study has demonstrated that CBCT assessment of 
furcation defects is in strong agreement with that of manual measurements.   
Thus CBCT offers a significant advantage over conventional radiographic 
methods. Furthermore, CBCT generated data added a substantial amount of 
information about the depth of the furcation defects which could not be obtained with 
conventional methods. 
These findings are in accordance with study by Qiao J et al 201488 who 
investigated the accuracy of CBCT in assessing molar furcation involvement. CBCT 
data were analysed in comparison with intrasurgical assessments and found that 
CBCT images demonstrated a high accuracy in assessing loss of periodontal tissues of 
furcation involvement and root morphologies in maxillary molars.  
Radiological assessment of invoved furcation especially of upper molars is 
crucial because the conventional radiography projects the alveolar process as a two 
dimensional image. It is not possible to differentiate between buccal and lingual 
alveolar bone. However CBCT permits a three dimensional interpretation of the 
alveolar process and also reveals the surrounding bony support of each maxillary 
molar root fusion and root proximity. Hence these images may be a reliable basis for 
making treatment decisions.8  Several studies have evaluated the accuracy of CT and 
CBCT in detection of furcation defects.50,37,8 The results of these studies have shown 
the 3D capability of CBCT which offered significant advantages in identifying and 
measuring buccal and lingual defects.  
In the present study only the length of horizontal and infrabony defects were 
measured. The results of our study showed that there was no statistical significance 
between the CBCT values (horizontal defect length 3.01±0.52, infrabony defect 
length 4.33±1.81) and the manual measurement values (horizontal defect length 
3.06±0.56, infrabony defect length 4.24±1.67) (p>0.05). However there was a 
statistically significant difference between OPG (horizontal defect length 4.54± 0.85, 
infrabony defect length 3.70±1.52) and IOPA (horizontal defect length 2.13±0.61, 
infrabony defect length 3.33±1.14) when compared to manual measurement values 
(p<0.05). This is in agreement with previous study by Vandenberg 200853, which 
explored the diagnostic values of digital intraoral radiography and CBCT in the 
determination of periodontal bone loss, craters and furcation involvement. Results 
showed that CBCT with 0.4 mm thick cross sections demonstrated values closer to the 
gold standard, indicating more accurate assessment of periodontal bone loss. Similar 
results have been corroborated in a study by Feijo et al 201298 which evaluated the 
accuracy of CBCT in the measurement of horizontal periodontal bone defects. The 
results showed that  CBCT accurately reproduced the clinical measurement of 
horizontal periodontal  bone defects. A study by Fuhrmann RAW et al 199750, in 
which  human cadaver jaws were used and compared CT with conventional  
radiographs, found that only 60% of infrabony defects could be detected using 
radiographs but 100% of it could be detected using CT.          
In the present study intraoral periapical radiographs were taken by indirect 
digital imaging using PSP plates. Studies comparing the accuracy of digital intraoral 
radiographs with conventional radiographs have found no significant differences.99,100 
 E Sogur 200957 compared CBCT with indirect digital imaging using storage 
phosphor plates (SPP) and found that CBCT images provided better detectability of 
the defects than SPP.  Though digital intraoral radiography has not been found 
superior to conventional radiography for measurement of periodontal defects, it is 
advantageous in that there is radiation dose reduction and provides good image 
analysis which helps in improved bone diagnostics.101 
Several studies have found CBCT to be a superior diagnostic tool when 
compared to traditional radiographic methods.38,54,55,56  The results of the present 
study demonstrate  that CBCT allows the three dimensional visualization of the 
alveolar bone defects. The buccal and lingual cortical plates could be distingushed 
with ease in CBCT images whereas it was not possible with OPG and periapical 
radiographs, since they presented only the two dimensional view of the dento-alveolar 
structures.  Similar views were reported by Misch et al 20066, Vandenbergh et al 
200752  in their in vitro study  wherein  linear measurements of periodontal osseous 
defects of dry skulls were analysed using  CBCT  images and compared it to that of 
periapical radiographs.  
The use of CBCT is justified by the fact that radiation dose to the patient is 
comparatively less compared to that of traditional CT102,103, or multislice CT.37,51,63  
CBCT radiation dose has been reported to be 15 time less than conventional CT26 and 
4-15 times the dose of a standard panoramic image104, or only the dose of a full mouth 
radiographic examination.26  However because of   the high resolution of intraoral 
radiography, some of the diagnostic parameters such as bone quality evaluation 
remains inferior with CBCT. Another problem with CBCT is that it cannot be used 
for estimation of bone density because of distortion of Hounsfield units (HU). But 
some authors have suggested that CBCT can be used to assess bone density and also 
to determine HU.105,106  
In the present study a significant variation was found between the 
measurements of CBCT and that of   OPG and IOPA. Thus the results reveal that 
CBCT is more accurate than the OPG and IOPA in assessing the dimensions of the 
osseous defects. With CBCT images, the morphologic description of the furcation and 
infrabony defects were much better than conventional radiographs. The indirect 
digital imaging provided images with good contrast, clear visualisation of interdental 
defects were possible, but the overlapping of buccal and lingual cortical plates 
obscured the depth and extent of the osseous defects. Same disadvantage was found 
with OPG images. Considering the results of the present study   it can be assumed that 
CBCT images are of potential use in diagnosis and treatment planning of periodontal 
and several dentoalveolar surgeries and also for planning of implant surgeries. 
Though CBCT is not economical and practical in its application in everyday practice, 
it is a promising diagnostic tool. Further in vivo studies need to be done to confirm 
the findings. 
A drawback of this study was that since all the measurements were done by a 
single examiner, inter examiner variability could not be assessed. 
The main objective of the study was to compare the accuracy of the three 
different radiographic techniques (CBCT, OPG IOPA using PSP plates) in 
determining the dimensions of the periodontal osseous defects. 60 periodontal defects 
(furcation, horizontal, infrabony defects) were subjected to various radiographic 
techniques. The digital measurements of these techniques were compared with 
manual method which was carried out using a digital vernier calliper. The results of 
the study revealed that the measurement of CBCT were almost closer to that of 
manual measurements. But when manual measurements were compared to that of 
OPG and IOPA there was a statistically significant difference. 
All the three radiographic techniques were useful in determining  the 
dimensions of the defects. But only CBCT allowed the measurements in all three 
planes of space. It also helped in better visualisation of buccal and lingual cortical 
plates. Hence according to the results of the present study CBCT provided a better 
accuracy than the traditional radiographic techniques. It is worth highlighting the fact 
that periapical and panoramic radiographs result in less radiation doses compared to 
CBCT and should be indicated for simpler cases. CBCT is justified for treatment 
planning of more complex periodontal procedures like aggressive periodontitis, 
regenerative procedures and mucogingival surgeries which are more difficult to plan 
and are costlier. Though CBCT is in its initial stage  in the field of periodontology, it 
is a promising diagnostic tool.  
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